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(54) GAS DISCHARGE PANEL AND METHOD FOR MANUFACTURING GAS DISCHARGE PANEL 



(57) The present invention provides a gas discharge 
panel on which color images are accurately displayed 
and which is easy to manufacture. The first and the sec- 
ond substrates face each other across an interval, form- 
ing a discharge space in between, which is filled with a 
discharge gas. Pairs of electrodes for sustaining dis- 
charge are provided on at least one of the two sub- 



strates, and phosphor layers are formed on the first sub- 
strate, arranged along the electrode pairs to form a ma- 
trix of discharge cells. An image is displayed by selec- 
tively illuminating discharge cells. Gap members having 
a given shape are provided between the first and second 
substrates at locations corresponding to the boundaries 
between discharge cells. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a gas dis- 
charge panel which is used for display of images with a 
computer, television or other device, and a method of 
production for such a panel. More particularly, the 
present invention relates to a gas discharge panel which 
has discharge cells arranged in a matrix layout. 

BACKGROUND ART 

[0002] Recently, gas discharge panels have received 
attention as a flat-type display for computers, televi- 
sions, and other such devices. 

[0003] Gas discharge panels are categorized broadly 
as direct-current type (DC type) or alternating-current 
type (AC type), and at present the AC type, which is suit- 
able for large screens, is the mainstream choice. 
[0004] In an AC-type gas discharge panel, a dis- 
charge cell is illuminated by applying an alternating cur- 
rent pulse to an electrode, which is coated with a die- 
lectric layertojnaintain discharge. Two kinds are known, 
a surface discharge type, which has sustaining elec- 
trode pairs arranged in parallel on the front panel side, 
and an opposed discharge type, which has sustaining 
electrode pairs arranged in opposition to each other on 
the front panel and back panel. 

[0005] FIG. 15 shows an example of a conventional 
AC plane discharge type gas discharge panel. 
[0006] This gas discharge panel has a front panel 1 1 0 
and a back panel arranged opposite each other, sealed 
around the outer edge with a sealing material composed 
of low-melting glass to form the gas discharge space. 
The airtight space 104 formed between the two sub- 
strates is filled with an inert gas (a mixture of helium and 
xenon) at a pressure of about 300Torr to 500Torr (40kPa 
to 66.5kPa). 

[0007] The front panel 1 1 0 has display electrode pairs 
1 12a, 1 12b, formed on the opposing face (the side facing 
the back panel), and has a dielectric layer 113, com- 
posed of dielectric glass, and a protective layer 114, 
composed of MgO, formed as a coating over the elec- 
trodes. 

[0008] The back panel 120 has address electrodes 
1 22 patterned on the opposing face (the side facing the 
front panel), and has a back dielectric layer 123 formed 
as a coating over the electrodes. Barrier ribs 124 are 
formed on top of the back dielectric layer 123, and RGB 
phosphor layers 131 are formed between adjacent bar- 
rier ribs 1 24. 

[0009] The space 1 40 delimited by the barrier ribs 1 24 
becomes the light-emitting area (discharge cells), and 
a phosphor layer is applied to each discharge cell. The 
barrier ribs 124 and address electrodes 1 22 are formed 
in the same direction, and the display electrode pairs 
1 1 2a, 1 1 2b, are perpendicular to the address electrodes 



122. 

[0010] In this gas discharge panel, after applying an 
address pulse between the address electrode 122 and 
the display electrode 112a, based on the image data to 

5 be displayed, applies a sustaining pulse to the pair 
formed by the display electrode 112a and display elec- 
trode 1 1 2b, thereby selectively causing a sustaining dis- 
charge in the discharge cell. In the discharge cell subject 
to sustaining discharge, ultraviolet rays are produced, 

10 visible light is generated and emitted from the RGB- 
colored phosphor layers 131, and an image is displayed. 
[0011] Here, the barrier ribs 124 divide the discharge 
space into discharge cells, preventing cross-talk (the 
phenomenon of discharge mixing across the interface 

15 of discharge cells). 

[0012] Since the filling pressure of discharge gas is 
usually lower than atmospheric pressure, the front glass 
substrate 1 1 1 and back glass substrate 1 21 are pressed 
inward by atmospheric pressure. Here, the barrier ribs 

20 1 24 act as a spacer, maintaining the space between the 
two substrates, with the peaks of the barrier ribs con- 
tacting the inner surface of the front panel 110. 
[0013] The following describes a production method 
for the above gas discharge panel. 

25 [0014] For the front panel 110, display electrodes 
112a, 112b, are formed on the front glass substrate 111 , 
a dielectric layer 113 is formed by applying and baking 
a layer of dielectric glass covering the electrodes, and 
a protective layer 114 is formed by EB evaporation of 

30 MgO over the dielectric layer 113. 

[0015] For the back panel 120, address electrodes '" 
122 are formed on the back glass substrate 121, the 
back dielectric layer 123 is formed covering the elec- 
trodes, and barrier ribs 1 24 are formed on top of the back 

35 dielectric layer 123. 

[0016] The barrier ribs 124 may be, for example, 
formed on the surface of the back dielectric layer 123, 
then coated with resist. Next the resist coating may be 
patterned in stripes, the unnecessary portion of barrier 

40 rib material removed by sand blasting, and the coating 
then baked. 

[0017] Next, between barrier ribs 124, a phosphor 
paste is potted by printing or other method and baked 
to form a phosphor layer 131. This completes production 

45 of the back panel 1 20. 

[0018] The front panel 110 and back panel 120, pro- 
duced as described above, have a low-melting glass ap- 
plied as a sealing material around their outer edges, are 
stacked and sealed by baking, then evacuated and the 

so space between the two panels is filled with an inert gas, 
completing production of the gas discharge panel. 
[0019] In this gas discharge panel, it is desirable for 
color images to be displayed accurately, and for produc- 
tion cost to be low. 

55 [0020] It should be noted that the illumination strength 
of each discharge cell is affected by the shape of the 
cell. In order to accurately display color images, it is nec- 
essary for the discharge cells which are arranged in a 
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matrix to have a uniform shape. This means that it is 
necessary for the barrier ribs to have uniform height and 
width. However, if baking occurs after the barrier rib ma- 
terial is applied and coated, the coating will shrink during 
baking. This causes difficulty in maintaining a uniform 
height of the barrier ribs and reduces yield. This in turn 
increases the production cost of gas discharge panels. 

DISCLOSURE OF INVENTION 

[0021] It is therefore an object of the present invention 
to provide a gas discharge panel which has precise color 
display and is easily manufactured. 
[0022] To this end, the gas discharge panel has a first 
and a second substrate facing each other with a space 
in between, the space filled with discharge gas to form 
a discharge space. At least one of the first and second 
substrates has groups of electrode pairs for sustaining 
discharge arranged on its surface. The first substrate 
has phosphor layers arranged on it, such that a plurality 
of discharge cells is formed in a matrix pattern along the 
groups of electrode pairs. A gas discharge panel which 
displays images by selectively illuminating a plurality of 
discharge cells, incorporates gap members of a certain 
shape between the first and second substrates, in areas 
corresponding to the borders between discharge cells, 
except for the center of the discharge celt. Here, a cer- 
tain shape means the gap members have a particular 
shape, such as spherical or rod-shaped, and their shape 
does not change over the process of panel production, 
i.e.. the gap members do not deform during baking as 
a paste material does. 

[0023] According to the present invention, even with- 
out forming barrier ribs between the front panel and back 
panel, the spacing (gap) between the substrates can be 
precisely prescribed. Also, since the gap members are 
not placed in the central area of the discharge cells, the 
gap members do not hinder discharge, and the panel is 
resistant to discharge failure. 

[0024] Therefore, it is easier to produce a gas dis- 
charge panel which is capable of high-precision image 
display, at a lower cost than heretofore. 
[0025] This type of gas discharge panel can be real- 
ized through the following processes: (a) a process for 
arranging a phosphor layer, which corresponds to the 
illumination color of the discharge cell, in the desired 
place on one substrate; (b) a process for affixing gap 
members of a certain shape on one substrate in a posi- 
tion which corresponds to the border region between 
discharge cells; and (c) a process for stacking the sec- 
ond substrate on the substrate with the gap members 
affixed and joining the two substrates. 
[0026] Here : when forming phosphor layers corre- 
sponding to the illumination color of each discharge cell 
in this way without forming barrier ribs, the conventional 
method of applying a phosphor paste is prone to cause 
mixing of colors between adjacent phosphor layers. 
However, by using a method such as pasting a film con- 



taining the phosphor element on to the substrate and 
patterning : it is possible to successfully form phosphor 
layers on the substrate, which correspond to the illumi- 
nation color of each discharge cell. 

5 [0027] It is common to use a material such as glass 
beads to form the gap members, but in this case it is 
impossible to divide the discharge cells as with barrier 
ribs, tending to create the problem of cross-talk. Then, 
when cross-talk occurs, the illumination color of one dis- 

10 charge cell mixes with the illumination color of an adja- 
cent discharge cell, causing a reduction in illumination 
color quality. 

[0028] In contrast, cross-talk can be prevented if the 
groups of electrode pairs and their surrounding struc- 

15 tures are arranged such that discharge occurs primarily 
towards the center of each discharge cell, away from 
the edges of the discharge cells. 
[0029] The method of simply arranging gap members 
on one substrate and joining it with another substrate 

20 creates a tendency to have gap members in the center 
of the discharge ceils. The gap members in the center 
of the discharge cells creates a problem of hindering dis- 
charge. 

[0030] Here, a scheme is necessary to arrange the 
25 gap members in the areas of the substrate which corre- 
spond to the edges of the discharge cells, and avoid the 
central areas. 

[0031] To this end, effective techniques include, for 
example, forming an adhesive layer in advance in the 
30 areas corresponding to edges, or reducing the thickness 
of the phosphor layer in the areas corresponding to ea- 
ges. 

[0032] The stated objective is achieved also by setting 
filling pressure of the discharge gas in proximity to at- 
35 mospheric pressure (within a range of 80% to 1 20% of 
atmospheric pressure). 

[0033] That is, setting f illing pressure of the discharge 
gas in proximity to atmospheric pressure avoids influ- 
ence of atmospheric pressure on the substrates. This 

40 means that in the display area, even in an area which is 
not in contact (this is an area which is not in contact 
across a plurality of cells in the vertical or horizontal di- 
rection, implying a somewhat broad area) across a plu- 
rality of discharge cells in two dimensions, the proper 

45 gap can be maintained between the two substrates. 
[0034] By this method, even with a very small amount 
of distributed gap members, the gap between the sub- 
strates can be properly maintained, simplifying produc- 
tion of gas discharge panels compared to conventional 

so methods. Also, it is possible to maintain the proper gap 
between the two substrates without any gap members 
in the image display area at all. 

[0035] The stated objective is achieved also in pro- 
duction of gas discharge panels by using (a) a method 
55 of mixing gap members in when forming the phosphor 
layer, and (b) a method of mixing gap members in when 
forming the dielectric layer. These methods allow the 
space between the front panel and back panel to be pre- 
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cisely prescribed, and, since it is not necessary to form 
barrier ribs, also allow the stated objective to be 
achieved. 

BRIEF DESCRIPTION OF DRAWINGS 
[0036] 

FIG. 1 is an isometric exploded view of a gas dis- 
charge panel according to the first embodiment of 
the present invention; 

FIG. 2 is a partial top view and a partial cross-sec- 
tion of the gas discharge panel of FIG. 1 ; 
FIG. 3 depicts a display device, comprising the gas 
discharge panel of FIG. 1 with a driver and driving 
circuit connected; 

FIG. 4 shows a modification example of transparent 
electrode shapes of the gas discharge panel of FIG. 
1; 

FIG. 5 is an abbreviated partial cross-section of the 
gas discharge panel according to the second em- 
bodiment; 

FIGS. 6 to 10 are explanatory diagrams of the pro- 
duction methods according to the first and second 
embodiments; 

FIGS. 10 and 11 are isometric exploded views of a 
gas discharge panel according to the third embod- 
iment; 

FIG. 13 is an abbreviated partial cross-section of 
the gas discharge panel according to the fourth em- 
bodiment; 

FIG. 14 is an isometric exploded view of a gas dis- 
charge panel according to the fifth embodiment; 
FIG. 15 shows a typical example of an AC plane 
gas discharge panel. 

BEST MODE FOR CARRYING OUT THE TNVENTION 

Embodiment 1 

[0037] FIG. 1 is an isometric exploded view of a gas 
discharge panel according to the first embodiment of the 
present invention, and FIG. 2 is a partial top view and a 
partial cross-section of the same gas discharge panel. 
[0038] The following explains the structure of a gas 
discharge panel according to this embodiment, with ref- 
erence to the drawings. 

[0039] Gas discharge panel 1 is formed by a front pan- 
el 10 and a back panel 20, joined in parallel across a 
plurality of gap members 30 (a plurality of glass beads) . 
The two panels 10,20 are sealed around their outer edg- 
es with a sealing material (not shown) composed of low- 
melting glass, to form a gas discharge space. The gas 
discharge space isfilledwith aninertgas (e.g., amixture 
of helium and xenon) at a pressure of about 300Torr to 
SOOTorr (40kPa to 66.5kPa). 

[0040] The front panel 1 0 has display electrode pairs 
12a-12b formed in a stripe pattern on the interior side 



of the front glass substrate 1 1 . A dielectric layer 1 3 com- 
posed of dielectric glass and a protective layer 14 com- 
posed of MgO form a coating over the entire surface of 
the front glass substrate 11 , covering the display elec- 
5 trodes 12. 

[0041] Each display electrode 12a-12b has a layered 
structure, formed by a transparent electrode 1 21 a, 1 21 b 
composed of a thin membrane of ITO or other metallic 
oxide, covered by a bus electrode 122a, 122b corn- 
to posed a thick film of silver or other metal. As described 
below, the transparent electrodes 121a, 121b have a 
particular shape. 

[0042] The back panel 20 has address electrodes 22 
formed in a stripe pattern on the interior side of the back 

15 glass substrate 21. A back dielectric layer 23 forms a 
coating over the address electrodes 22, and phosphor 
layers 24 of each RGB color are formed in a stripe pat- 
tern over the address electrodes 22 on top of the back 
dielectric layer 23. 

20 [0043] Display electrode pairs 12a-12b are arranged 
perpendicular to the address electrodes 22, and dis- 
charge occurs in the area of the discharge space cen- 
tered between the intersection of the display electrode 
pairs 12a-12b and the address electrodes 22. 

25 [0044] The phosphor layer 24 of each color R, G, B, 
faces a discharge cell 40, and three discharge cells 40R , 
40G, 40B (shown by broken line in FIG. 2) along a dis- 
play electrode pair 12a-12b forms one pixel. 
[0045] Adjace nt phosphor layers 24 are separated by 

30 a space where no phosphor is applied (blank area 25). 
Gap members 30 (glass beads) are situated between 
the front panel 10 and back panel 20, distributed along 
the blank area 25. 

[0046] That is, the gap members 30 are situated be- 
35 tween and in contact with the protective layer 1 4 and the 
back dielectric Jayer23, thereby determining the gap be- 
tween the front panel 10 and back panel 20. 
[0047] The gap members 30 are, in principle, of 
spherical or other regular form, and composed of a ma- 
40 terial which has some level of heat- resistance to avoid 
deformation by heat during the production process of 
the gas discharge panel. Silica material of spherical 
form is one specific example. 

[0048] A driver and driving circuit 100 as shown in 
45 FIG. 3 is connected to a gas discharge panel 1 of the 
above structure, and operated to display image data. An 
address pulse is applied to the address electrode 22 and 
display electrode 12a, and a sustaining pulse is applied 
to the display electrode pair 1 2a-1 2b, causing a sustain- 
so ing discharge in the discharge cell chosen in corre- 
spondence to the image to be displayed. Then, ultravi- 
olet rays are emitted from the discharge cell 40R, 40G, 
40B where discharge occurred. The phosphor layers 
24R, 24G, 24B are excited by the ultraviolet rays and 
55 emit visible light, causing display of a color image. 
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Regarding shape and operation of display electrodes 

[0049] In the gas discharge panel 1, in the center of 
each discharge cell on each of the pair of a display elec- 
trode 1 2a and display electrode 1 2b, are situated trans- 
parent electrodes 121a, 121b, protruding towards each 
other in island shapes. Thereby, the space between the 
display electrode 1 2a and display electrode 1 2b of each 
pair is smaller at the center of the discharge cell (the 
center of the phosphor layer 24) than at the border re- 
gion (i.e., the blank area 25 formed between phosphor 
layers 24) between adjacent cells. Therefore, when a 
pulse is applied to the display electrode pair 12a- 12b, 
discharge occurs primarily in the center of the discharge 
cell, where the space (discharge gap) is small. 
[0050] In FIG. 2, the transparent electrodes 121a, 
121b are shown as rectangular island shapes, but, as 
shown in FIG. 4 (a) through (e), they could also be egg- 
shaped (a), semi-circular (b), triangular (c), T-shaped (d) 
or crescent-shaped (e), and still produce discharge pri- 
marily in the center of the discharge cell in similar fash- 
ion. 

[0051] As shown in FIG. 4 (f), the transparent elec- 
trodes 121a, 121b may also be band-shaped, instead 
of island-shaped, with protrusions in the center of the 
discharge cell, and still produce discharge primarily in 
the center of the discharge cell in similar fashion. 
[0052] The transparent electrodes must not neces- 
sarily be formed as two separate parts, on display elec- 
trodes 1 2a and 1 2b. Forming only one transparent elec- 
trode 121 a as described above on one display electrode 
1 2a, for example, will produce discharge primarily in the 
center of the discharge cell in similar fashion also. 
[0053] Display electrodes 12a and 12b may be 
formed by all metallic electrodes, and as long as the me- 
tallic electrodes have protrusions formed in the center 
of each discharge cell, will produce discharge primarily 
in the center of the discharge cell in similar fashion. 
[0054] In this embodiment, protrusions may be 
formed in the center of the discharge cell on the bus 
electrode itself, without using transparent electrodes, 
and still produce discharge primarily in the center of the 
discharge cell. 

Explanation of gas discharge panel's effectiveness 

[0055] The gas discharge panel 1 described above 
has gap members 30 which have a regular form and 
does not suffer heat-deformation in the production proc- 
ess. This allows the spacing between the front panel 10 
and back panel 20 to be precisely regulated. This, in 
turn, ensures the correct height of the discharge space 
in each discharge cell. In addition, in production of the 
gas discharge panel 1 , the process of forming barrier 
ribs can be eliminated, simplifying production. 
[0056] When there is no barrier rib between adjacent 
discharge cells, conventionally cross-talk becomes a 
problem. However, in the case of the gas discharge pan- 



el 1 here, the display electrode pair 12a-12b is formed 
such that, when, as described above, a sustaining pulse 
is applied, discharge occurs primarily in the center of the 
discharge cell. This prevents discharge from spreading 
5 to the bordering area, and prevents cross-talk. 

[0057] Therefore, when driven, it is possible to reduce 
image instability and provide a high-quality image dis- 
play. 

10 Modification example of a structure for producing 
discharge primarily in the center of the discharge cell 

[0058] In the examples of FIGs. 2 and 4 above, the 
shape of the display electrodes was controlled in order 

15 to cause discharge primarily in the center of the dis- 
charge cell. However, as described below, even if the 
display electrode is a simple band-shape, it is also pos- 
sible to produce discharge primarily in the center of the 
discharge eel! by controlling the surrounding structure, 

20 e.g., by controlling the shape of the dielectric layer 13 
or the protective layer 14. 

[0059] For example, instead of producing a dielectric 
layer 13 with uniform thickness across the entire sur- 
face, discharge may be focused in the center of the dis- 

25 charge cell by increasing the thickness of the dielectric 
layer 1 3 towards the edges of the discharge cell and de- 
creasing the thickness towards the center of the dis- 
charge cell (e.g., by layering the dielectric layer while 
patterning, producing fewer layers in the area facing the 

30 phosphor layer 24 and more layers in the area facing 
the blank area 25). This method makes it possible to 
produce discharge primarily in the center of the dis- 
charge cell. 

[0060] Or, instead of forming the protective layer 14 
35 uniformly of MgO across the entire surface of the die- 
lectric layer 13, only the portion of the protective layer 
14 towards the center of the discharge cell may be 
formed of MgO (e.g., by patterning the protective layer, 
forming a MgO membrane in the area facing the phos- 
40 phor layer 24 and not forming a MgO membrane in the 
area facing the blank area 25.). This method also pro- 
duces discharge primarily in the center of the discharge 
cell, because secondary electrons are more likely to be 
released during discharge in the area where a MgO pro- 
45 tective layer is formed. 

Embodiment 2 

[0061] FIG. 5 shows an abbreviated partial cross-sec- 
50 tion of the gas discharge panel according to the second 
embodiment. The following explains the structure of a 
gas discharge panel with reference to this figure. 
[0062] The gas discharge panel of this embodiment 
is similar to the gas discharge panel shown in FIG. 1 . 
55 The differences, as shown in FIG. 5, are the simple line- 
shape of the display electrode pairs and the formation 
of a black matrix 15 on the interior surface of the front 
glass substrate 1 1 in the area facing the blank area 25 
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(the space between adjacent phosphor layers 24). 
[0063] When the display electrode pairs are simple 
line-shapes, cross-talk is more likely to occur than in the 
first embodiment. However, because of the black matrix 
15, even if cross-talk occurs at the border area of adja- 
cent phosphor layers 24 and causes release of mixed- 
color light, this light is interrupted by the black matrix 1 5, 
so that almost none escapes, controlling loss of picture 
quality due to color-mixing from cross-talk. 
[0064] By forming a black matrix 1 5 as shown in FIG. 
5, and controlling the shape of the display electrodes as 
shown in FIGS. 2 and 4 in the first embodiment, the 
mixed light interruption benefit of the black matrix 1 5 and 
the discharge cross-talk prevention benefit of the de- 
signed display electrode shape make it possible to 
achieve better image quality. 

Production method of the gas discharge panel 

[0065] The following explains production methods of 
the gas discharge panel 1 described in the above em- 
bodiments, by way of five examples. 

Example 1 

[0066] FIG. 6 (a) to (d) are explanatory diagrams of 
one example production method for the gas discharge 
panel described in the first and second embodiments. 
[0067] First, a paste composed of particulate silver, 
low-melting glass, ethylcellulose resin, and solvent is 
applied in lines to the surface of the back glass substrate 
21 by a printing method. The paste then is baked to form 
address electrodes 22. Then, a dielectric paste is ap- 
plied covering the electrodes and baked to form the back 
dielectric layer 23. 

[0068] FIG. 6 (a) shows the back glass substrate 21 
with address electrodes 22 and the back dielectric layer 
23 formed on it. 

[0069] Next, a green phosphor film containing acrylic 
photosensitive resin, acrylic resin, and green phosphor 
powder is applied across the entire surface of the back 
dielectric layer 23. The film is then patterned by expo- 
sure in lines to harden the photosensitive resin and de- 
veloping with a sodium carbonate aqueous solution. 
Next, a red phosphor film and a blue phosphor film are 
applied and patterned in similar fashion. Then, the phos- 
phor layers are baked to form the red, blue, and green 
phosphor layers 24R, 24B, 24G, as shown in FIG. 6 (b). 
This completes the back panel 20. 
[0070] Patterning is executed such that a blank area 
25 is created between adjacent phosphor layers. It is 
desirable to have no phosphor material present in the 
blank area 25, but some may be present. 
[0071] Next, as gap members 30, spherical beads 
composed of quartz glass are suspended in isopropyl 
alcohol and controlled. As shown in FIG. 6 (c), a sprayer 
50 and the back panel 20 are moved in relation to each 
other (as arrow A in the figure) and this suspension is 
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sprayed from the sprayer to distribute the gap members 
30 over the back panel 20. 

[0072] The gap members 30 distributed in this man- 
ner become scattered across the blank area 25 on the 

5 back panel and on the phosphor layer 24. 

[0073] Next, as shown in FIG. 6 (d), an air gun 51 
sprays compressed air on the entire surface of the back 
panel 20. This removes gap members 30 from the phos- 
phor layer 24, but gap members 30 on the blank area 

10 25 contact the surface of the back dielectric layer 23 and 
the edge of the phosphor layer 24, and is difficult to re- 
move. 

[0074] As a result, from this process gap members 30 
are left in the blank area 25. 

15 [0075] Also, when ratio of the width of the blank area 
25 to the width of the gap members 30 (diameter of the 
glass beads) is at least 50% and no more than 100%, 
there is a stronger tendency for the gap members 30 to 
remain in the blank area 25, so a ratio within this range 

20 is desirable. 

[0076] For example, when the diameter of the glass 
beads is 100 urn, it is desirable to set the width of the 
blank area 25 in a range of 50 u,m to 100 u,m. 
[0077] Next, as shown in FIG. 6 (e), the back panel 

25 20 with gap members 30 applied has a front panel situ- 
ated on top, and the outer edge is sealed with a sealing 
material and filled with discharge gas to complete the 
gas discharge panel 1 . 

[0078] In the case of the front panel 10, first a thin 
30 membrane of transparent electrode material is formed 
by sputtering or other method, and then the transparent 
electrodes are formed by patterning by etching by pho- 
toresist. Then, silver electrode material is printed and 
baked to form a bus electrode, which comprises the dis- 
ss play electrode pair 12a-12b. Then, a dielectric paste is 
applied to cover the surface of the electrodes and baked 
to form the dielectric layer 1 3, and MgO is EB vapor de- 
posited thereon to form the protective layer 1 4 and com- 
plete production of the front panel 1 0. 
40 [0079] When, as in the second embodiment, a black 
matrix 15 is formed on the front panel 10, a paste con- 
taining black pigment (an inorganic pigment including 
transition metals such as iron, chromium, manganese), 
low-melting glass, and photosensitive resin may be ap- 
45 p|jed and patterned by photolithography on the surface 
of the front glass substrate 11 . 

Explanation of effectiveness 

so [0080] According to the production method described 
above, because the phosphor layers 24R, 24G, 24B are 
formed by a dry method using photosensitive film, a gas 
discharge panel produced by this production method will 
not suffer color mixing, even without barrier ribs to sep- 

55 arate adjacent phosphor layers. 

[0081 ] If gap members 30 were situated in the center 
of a discharge cell, that cell would tend to suffer dis- 
charge failure and non-lighting. However, in the case of 
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a gas discharge panel produced using the method de- 
scribed above, there are no gap members 30 on the 
phosphor layers 24R r 24G. 24B ? and gap members 30 
are distributed across the blank area 25, preventing dis- 
charge failure. 

[0082] In actual testing, when a gas discharge panel 
produced according to the above method was com- 
pared to a conventional gas discharge panel with barrier 
ribs as described in the background art above, neither 
panel showed any non-lighting, and each achieved 
equivalent illumination characteristics for all colors. 
[0083] As described here, using the gas discharge 
panel production method according to this embodiment, 
production cost can be greatly reduced through elimina- 
tion of the barrier rib formation process. Furthermore, 
according to the production method of this embodiment, 
a gas discharge panel with excellent color display qual- 
ity can be produced. 

Modification examples of the present embodiment 

[0084] In the above production method, by forming a 
thick film of acrylic resin or such material on the phos- 
phor layer 24 of the back panel 20 and spreading gap 
members 30 on top, it is possible to limit more reliably 
distribution of the gap members to the blank area. In this 
case, the thick film of acrylic resin or such material will 
be burned off in the phosphor layer baking process or 
the sealing material baking process, so as not to remain 
on the finished gas discharge panel. 
[0085] Additionally, in the production method above, 
the phosphor layers are formed using a phosphor film 
which includes photosensitive resin, patterned by pho- 
tolithography. However, for example, it is also possible 
to form the phosphor layers by a method of direct appli- 
cation of phosphor film of each color. Using this dry 
method, which does not require a solvent, to form the 
phosphor layers, it is possible to prevent mixing of colors 
between phosphor layers. 

[0086] Additionally, in the production method above, 
the phosphor layers 24 were baked first, followed by dis- 
tribution of the gap member glass beads. However, the 
gap members may be distributed without baking, and 
the front panel 1 0 joined to the back panel 20, and the 
gap members may be baked together in the same proc- 
ess with the sealing material. 

[0087] in this way, by baking the phosphor layers after 
distribution of the gap members 30, the gap members 
30 are fused to the phosphor layers 24 where they con- 
tact each other. Therefore, by using this method, it is 
possible to produce a gas discharge panel whose gap 
members 30 are joined to its phosphor layers 24. 
[0088] Additionally, in the production method above, 
low-melting glass may be applied to the surface of the 
gap member 30 glass beads before baking. In this case, 
when the sealing material is baked in the sealing proc- 
ess, the low-melting glass on the surface of the glass 
beads will melt, thereby joining the gap members 30 to 
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the front panel 10 and the back panel 20. Therefore, by 
this method, a gas discharge panel can be produced 
whose front panel 10 and back panel 20 are joined via 
the gap members 30. In this case, the gap between the 
5 two panels 10, 20 can be accurately maintained even 
with discharge gas filled to higher than atmospheric 
pressure. 

[0089] Additionally, in the production method above, 
compressed air is used to remove gap members 30from 
w the phosphor layers 24. However, gap members 30 can 
be removed from the phosphor layers 24 by agitation of 
the back panel 20 as well. 

Example 2 

75 

[0090] FIGS. 7 (a) through 7 (e) describe an example 
of the production method of a gas discharge panel as 
described in Embodiments 1 and 2. 
[0091] In the production method of this example, as 

20 described in Example 1 (FIG. 6 (a)), address electrodes 
22, which correspond to the back dielectric layer 23, are 
formed on the back glass substrate, and the back die- 
lectric layer 23 was formed thereon, followed by forma- 
tion of an adhesive layer 26 on top of the back dielectric 

25 layer 23. 

[0092] FIG. 7 (a) shows the back dielectric layer 23 
with the adhesive layer 26 formed on top. 
[0093] The adhesive layer 26 is formed of a material 
which has adhesion, e.g., an adhesive resin such as an 
30 epoxy resin. Using a reverse coater, a solution of the 
epoxy resin and isopropanol is applied and dried to form 
the adhesive layer 26. 

[0094] Next, as described in Example 1 , the phosphor 
layers 24R, 24G, 24B are formed (FIG. 7 (b)) t gap mem- 

35 bers 30 are distributed over the entire surface (FIG. 7 
(c)), compressed air (or vibration) is used to remove gap 
members from the phosphor layers 24 (FIG. 7 (d)). 
[0095] Here, while the surface of the phosphor layers 
24 have no adhesion, the adhesive layer 26 is exposed 

40 in the blank area 25, so that the gap members 30 applied 
to the blank area 25 are strongly attached as compared 
to the case of Example 1 . 

[0096] Therefore, when an airgun 51 blows com- 
pressed air to remove gap members 30 from the phos- 
45 phor layers 24, the gap members 30 located in the blank 
area 25 are not removed. Hence, it is possible to effi- 
ciently remove the gap members 30 from the phosphor 
layers 24. 

[0097] Finally, as shown in FIG. 7 (e), the front panel 
so 1 o is stacked on the back panel 20, which has gap mem- 
bers 30 applied to it, the outer edges are sealed with 
sealing material, and discharge gas is inserted to com- 
plete the gas discharge panel 1 . 

[0098] In the sealing process, when the sealing ma- 
55 terial is baked, resin forming the adhesive layer 26 is 
decomposed and eliminated, burning off the adhesive 
layer 26. The adhesive layer 26 does not remain in the 
completed gas discharge panel 1 . Therefore, an adhe- 
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sive layer 26 can be created by the process described 
above, without negatively affecting discharge in the fin- 
ished gas discharge panel. 

Example 3 

[0099] FIGS. 8 (a) through (e) describe an example 
of a production method for the gas discharge panel de- 
scribed in Embodiments 1 and 2. 
[0100] In this example, first address electrodes 22 are 
formed on the back glass substrate 21 , and a dielectric 
paste is applied over the electrodes to form an unbaked 
back dielectric layer 23a (FIG.8 (a)). Then : without bak- 
ing this, phosphor layers 24R, 24G, 24B formed on top 
(FIG.8(b)). 

[0101] Then, in the same way as Example 1, gap 
members 30 are distributed over the entire surface (FIG. 
8(c)), and gap members 30 on the phosphor layers 24 
are removed by compressed air (or agitation) (FIG. 8(d)). 
[0102] In the production method of this Example, 
when gap members 30 are sprayed over the surface, 
gap members 30 in the blank area 25 are pressed into 
the unbaked back dielectric layer 23a, causing the gap 
members 30 to be partially buried and fixed. 
[0103] Therefore, as in the production method of Ex- 
ample 2, when removing gap members 30 from the 
phosphor layers 24, blowing compressed air from an air- 
gun 51 at high power will not remove gap members lo- 
cated in the blank area 25. This allows gap members 30 
to be efficiently removed from the phosphor layers 24. 
[0104] Finally, as shown in FIG. 8 (e), the front panel 
1 0 is stacked on the back panel 20, which has gap mem- 
bers 3C applied to it. The two panels 10, 20 are com- 
pressed such that the gap between them is uniform, 
sealed around their outer edges with sealing material 
and filled with discharge gas. In the sealing process, the 
unbaked back dielectric layer 23a can be baked simul- 
taneously with the sealing material. This baking forms 
the back dielectric layer 23 to complete the gas dis- 
charge panel. 

[0105] By baking the back dielectric layer 23a after 
distribution of the gap members 30 in this way, the gap 
members 30 and dielectric layer 23 are fused where 
they contact each other. 

[0106] Therefore, in a gas discharge panel produced 
by the above method, the gap members 30 and the back 
dielectric layer 23 are joined with part of the gap mem- 
bers 30 buried in the dielectric layer 23. 
[0107] In the production method of this Embodiment, 
first the phosphor layers 24 are baked, followed by dis- 
tribution of the glass bead gap members 30. However, 
it is also possible to distribute the gap members 30 with- 
out first baking the phosphor layers 24, then join the front 
and back panels 10, 20, and bake the phosphor layers 
24 simultaneously in the sealing material baking proc- 
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[0108] FIG. 9 shows an example of a production 
method for the gas discharge panel described in Em- 

5 bodiments 1 and 2. 

[01 09] In this example production method, first, a thick 
film 1 6 is formed in a stripe pattern over the protective 
layer 1 4 on the front panel 1 0. A blank area 1 7 is formed 
between adjacent thick films. 

10 [0110] The material forming this thick film 16 has 
properties such that it will be burned off when heat or 
other energy is applied, with acrylic or other resins used 
here. The thick film 16 is formed in areas which will be 
opposite the phosphor layers 24 when the gas dis- 

15 charge panel is finished (i.e. , areas corresponding to the 
center of the discharge cells). 

[0111] To form the thick film 16, a method of printing 
a resin paste may be used, or a method of applying a 
photosensitive resin paste or a photosensitive resin film 

20 and patterning by photolithography. 

[0112] As described in FIG. 6 (c) for Example 1 , gap 
members 30 (glass beads) are distributed across the 
entire surface of the front panel 1 0 (FIG. 9 (b)), and re- 
moved from the thick film 1 6 by compressed air (or vi- 

25 bration) (FIG.9(c)). 

[0113] In this way, gap members 30 are disposed in 
a distribution across the blank area 1 7 between adjacent 
thick films 16. 

[0114] The back panel 20 is produced as described 

30 in FIG. 6 (a), (b) for Example 1 . 

[0115] Finally, as shown in FIG. 9 (d), the back panel 
20 is joined to the front panel 10, which has gap mem- 
bers 30 disposed on it. The gap members 30 are caught 
in the blank area 25 between adjacent phosphor layers 

35 24. 

[0116] Then, the two panels 10, 20 are sealed around 
their edges with sealing material. In the sealing process, 
the thick film 1 6 is baked simultaneously with the sealing 
material and burned off, so that no thick film 1 6 remains 

40 after sealing, as shown in FIG. 9(e). Then, discharge 
gas is filled to complete the gas discharge panel 1 . 
[0117] As described here, a gas discharge panel 1 
can also be produced by a method of forming the thick 
film 16, which regulates the locations where gap mem- 

45 bers 30 are disposed, on the front panel 10, and dis- 
persing gap members 30 over the top. 

Example 5 

so [0118] FIGS. 10 (a) to (d) show an example of a pro- 
duction method for the gas discharge panel described 
in Embodiments 1 and 2. 

[0119] In the production method of this example, first, 
as shown in FIG. 1 0(a), a back panel 20 is prepared, by 
55 forming address electrodes 22 on the back glass sub- 
strate 21 and forming a back dielectric layer 23 and 
phosphor layers 24 on top, as in FIGS. 6(a) and (b) of 
Example 1 above. Then, as shown in FIG. 10(b), a mask 
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plate 52 with cut-out portions corresponding to the loca- 
tions of blank areas 25 is placed over the back panel, 
so that only portions corresponding to phosphor layers 

24 are covered. The extent covered by the mask plate 
52 is adjusted according to the size of the gap members 
30 (diameter of the glass beads) , but the center regions 
of the phosphor layers 24 must be covered. 

[0120] Next, as described in FIG. 6(c) of Example 1, 
gap members 30 are dispersed across the entire sur- 
face of the front panel 10 (FIG. 10 (c)). However, the 
surface of the glass beads, which are the gap members 
30 to be dispersed, is coated with an adhesive material 
(e.g., epoxy resin) to form an adhesive layer 31 before- 
hand. 

[0121] Then , when the mask plate 52 is removed from 
the back panel 20, the gap members 30 located in the 
blank area 25 remain on the back panel 20, and the gap 
members 30 disposed on the mask plate 52 are re- 
moved from the back panel 20. 

[0122] It is not absolutely necessary to create an ad- 
hesive layer 31 on the gap members 30, but an adhesive 
Iayer31 fuses the gap members 30 securely to the blank 
area 25, and prevents gap members 30 in the blank area 

25 from becoming dislodged when the mask plate 52 is 
removed. 

[0123] Finally, as described in FIG. 6(e) of Example 
1 , the front panel 1 0 is joined to the back panel 20, which 
has gap members 30 disposed on it, and discharge gas 
is filled to complete the gas discharge panel 1 . The ad- 
hesive layer 31 is burned off when it is baked with the 
sealing material during the sealing process, so that it 
does not remain in the finished gas discharge panel. 
[01 24] Although the example above describes a proc- 
ess in which a mask plate is laid over the surface of the 
back panel 20 and gap members 30 are dispersed over 
the mask, the mask plate 52 may be laid over the front 
panel 10 and gap members 30 are dispersed over it, 
then, when the mask plate is removed, gap members 
30 will be left in areas of the front panel 1 0 which corre- 
spond to the blank areas. Joining the back panel 20 
thereto produces a similar gas discharge panel. 

Embodiment 3: Non-spherical gap members 

[0125] In Embodiments 1 and 2 above, spherical 
glass beads are used for the gap members 30, but the 
gap members 30 are not limited to spherical forms, as 
any shape which can regulate the gap between the two 
panels 10, 20 when disposed in the blank areas is ac- 
ceptable. 

[0126] For example, as shown in FIG. 11, instead of 
glass beads, the same results may be obtained by using 
rod-shaped gap members 30 composed of fibers such 
as glass fibers (the fibers may also be hollow tubes), 
disposed in the blank areas 25. 

[01 27] This sort of rod-like gap members 30, disposed 
in the blank areas 25, also perform the function of barrier 
ribs, controlling cross-talk. 



[0128] It is not absolutely necessary for the rod-like 
gap members 30 to be placed in each and every blank 
area 25. but may also be placed at intervals (e.g.. in eve- 
ry other blank space). 

5 [0129] However, in this case, leakage of light from 
boundary areas with and without gap members 30 var- 
ies, which tends to cause non-uniform illumination. 
Therefore, in order to maintain image quality, it is desir- 
able to prevent leakage of light from the boundary areas 

10 by forming a black matrix in the boundary areas, as de- 
scribed in Embodiment 2. 

[01 30] As a shape of rod-like gap members 30 for the 
blank areas 25, besides the round rod as in FIG. 1 1 , an 
angular rod, as shown in FIG. 12 may also be used. 
15 [0131] Also, the gap member 30 shown in FIG. 1 2 has 
a phosphor layer 32 formed on its surface, in the same 
color as the phosphor layer facing it. 
[0132] That is, the side of a gap member 30 facing a 
red phosphor layer 24R is covered with a red phosphor 
layer 32R, the side of a gap member 30 facing a green 
phosphor layer 24G is covered with a green phosphor 
layer 32G, and the side of a gap member 30 facing a 
blue phosphor layer 24B is covered with a blue phos- 
phor layer 32B. 

[01 33] By also forming phosphor layers 32 on the gap 
members 30, the discharge space of each discharge cell 
has phosphor layers 24 and phosphor layers 32 facing 
it, increasing the illumination efficiency of each dis- 
charge cell. 

[0134] It should be noted here that, while glass beads 
can be distributed across the blank areas 25 by mixing 
into a slurry, rod-like gap members 30 cannot, making 
it necessary to use a method in which the location of the 
rods is adjusted and fixed. 

Embodiment 4 

[0135] FIG. 13 shows an abbreviated partial cross- 
section of a gas discharge panel according to this em- 
bodiment. The following is an explanation of the struc- 
ture of such a gas discharge panel with reference to this 
figure. 

[01 36] A gas discharge panel of this embodiment has 
discharge gas filled to near atmospheric pressure (in the 
45 vicinity of 760Torr to 1013Torr), and in principle does not 
use gap members, but is otherwise similar in configura- 
tion to the gas discharge panel described by FIG. 1 
above. 

[0137] As described above, conventional gas dis- 
50 charge panels contain discharge gas at much lowerthan 
atmospheric pressure, meaning that without a dense 
structure of barrier ribs or gap members in the display 
area, the space between the front and back panels can- 
not be properly maintained. 
55 [01 38] However, this embodiment sets discharge gas 
pressure in proximity to atmospheric pressure, main- 
taining a balance between internal and external gas 
pressure. Therefore, the space between the front and 
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back panels can be properly maintained without a dense 
structure of barrier ribs or gap members in the display 
area, or without any barrier ribs or gap members in the 
display area at all. 

[0139] Here, it is desirable to set the filling pressure 
in a range of 80% to 120% of atmospheric pressure, 
matched to the atmospheric pressure of the location of 
use. 

[0140] The type of gas discharge panel here elimi- 
nates the process of placing gap members o the sub- 
strate, and has filling pressure of the discharge gas set 
at near atmospheric pressure, but otherwise can be pro- 
duced in the same manner as Example 1 above. How- 
ever, it is necessary to maintain the space between the 
two substrates during the sealing process, using a meth- 
od such as placing gap members around the periphery 
of the substrates. 

[0141] In addition, this type of gas discharge panel 
may be produced using beads of a material such as 
plastic which is destroyed by heat. For example, this 
type of gas discharge panel may be produced using the 
production method of Example 1 above, by substituting 
beads of p. material decomposed by heat for the glass 
beads and setting discharge gas filling pressure to near 
atmospheric pressure. 

[0142] As described here, according to this embodi- 
ment, it is not necessary to form barrier ribs, nor are gap 
members necessary in principle, so that it is possible to 
produce a gas discharge panel even more simply than 
by the methods of Embodiments 1 and 2. 

Embodiment 5 

[0143] FIG. 14 shows an exploded isometric view of 
a gas discharge panel according to this embodiment. 
[0144] This gas discharge panel is similar to the gas 
discharge panel 1 described in Embodiment 1 , but in- 
stead of locating gap members 30 in the blank areas 25, 
gap members 30 are distributed across the phosphor 
layers 24R, 24G, 24B. 

[0145] This type of gas discharge panel may be pro- 
duced by the following method. 

[0146] As described in FIG. 6(a) of Example 1 , ad- 
dress electrodes 22 are formed on the back glass sub- 
strate 21 , and a back dielectric layer 23 is formed cov- 
ering them. 

[0147] Next, phosphor layers are formed using a pho- 
tosensitive phosphor film in each color, but gap mem- 
bers 30, glass beads, are fixed in the film in advance. 
[0148] Then, green phosphor film is applied across 
the entire surface of the back dielectric layer 23 , and the 
film is patterned in a line form by exposure to light. Next, 
red film and blue film are applied and patterned in similar 
fashion. 

[0149] Then, this assembly is baked to form red, 
green and blue phosphor layers 24R, 24G, 24B. Thus, 
the back panel 20 shown in FIG. 14 is produced. 
[0150] Next, a front panel 10 is situated on top of the 



back panel, which has gap members 30 placed on it, the 
edges of the panels are sealed with sealing material and 
discharge gas is filled, completing the gas discharge 
panel. 

5 [0151] The gas discharge panel of this embodiment 
has gap members 30 on the phosphor layers 24R, 24G, 
24B : and in the center area of the discharge cells, cre- 
ating a greater tendency towards discharge failure than 
in Embodiments 1 through 4 above, but the space be- 
to tween the front and back panels 1 0, 20 can be precisely 
maintained. Also, since gap members 30 are placed in 
the process of forming the phosphor layers, it is not nec- 
essary to form gap members in a separate step as in 
Embodiments 1 through 3, creating an advantage in 
15 ease of production. 

Modification example of this embodiment 

[0152] Instead of including gap members 30 in the 
20 phosphor layers 24 as above, gap members 30 (glass 
beads) may be included in the dielectric layer 13. 
[0153] In this case, by distributing gap members 30 in 
the dielectric paste while forming the dielectric layer 13, 
a similar production method and similar results can be 
25 achieved. 

Miscellaneous 

[0154] Embodiments 1 through 5 above used a sur- 
30 face discharge type gas discharge panel as an example 
for explanatory purposes, but for an opposed discharge 
type gas discharge panel also, by arranging the front 
and back panels such that sustaining electrode pairs in- 
tersect each other, a gas discharge panel with gap mem- 
35 bers that displays color images can be created in similar 
fashion to the plane-discharge type gas discharge panel 
described above. 

[0155] Here, an opposed discharge type gas dis- 
charge panel has front and back panels situated such 

40 that sustaining electrode pairs intersect each other, so 
that sustaining discharge occurs centered at the inter- 
sections. However, as described in Embodiment 1 , by 
forming protrusions in the sustaining electrodes where 
the pairs intersect, or by adjusting the shape of the die- 

45 lectric layer or the protective layer, discharge can be 
more reliably concentrated in the center areas of the dis- 
charge cells. 



INDUSTRIAL APPLICABILITY 



50 



[0156] The gas discharge panel and method of gas 
discharge panel production of the present invention are 
suited for use in color display devices, especially large- 
format color display devices, such as those used in com- 
55 puters and televisions. 
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Claims 

1. A gas discharge panel, which comprises (a) a first 
substrate and a second substrate facing each other 
across an interval, the interval forming a discharge 
space and being filled with discharge gas, (b) pairs 
of electrodes for sustaining discharge provided on 
at least one of the substrates, (c) a plurality of dis- 
charge cells formed in a pattern along the electrode 
pairs, and (d) a plurality of phosphor layers formed 
by baking a phosphor film and provided on the first 
substrate facing the discharge cells, each phosphor 
layer corresponding to an illumination color of the 
discharge cell, and the gas discharge panel display- 
ing a color image by selectively illuminating the dis- 
charge cells, wherein 

a plurality of gap members of a given shape 
are disposed at locations corresponding to bound- 
ary areas between and excluding the center areas 
of the discharge cells, so as to separate the first 
substrate and second substrate, and determine the 
interval between the first substrate and second sub- 
strate. 

2. The gas discharge panel of Claim 1 , wherein 

the electrode pairs and their surrounding 
structures are provided such that, when a voltage 
is applied to the electrode pairs and sustaining dis- 
charge is caused, discharge primarily occurs in the 
center of the discharge cells, rather than near the 
boundaries. 

3. The gas discharge panel of Claim 2, wherein 

the electrode pairs comprise a plurality of linear 
electrodes, provided in a stripe pattern on the 
second substrate, and 

an interval between the linear electrodes form- 
ing the pairs is smaller in the center of the dis- 
charge cells than toward the boundaries of the 
discharge cells. 

4. The gas discharge panel of Claim 2, wherein 

each electrode pair has a transparent elec- 
trode, and 

the transparent electrode has a shape such that 
an interval between the linear electrodes form- 
ing the pair is smaller in the center of the dis- 
charge cell than toward the boundaries of the 
discharge cell. 

5. The gas discharge panel of Claim 2, wherein 

each electrode pair is covered with a dielectric 
layer in an area toward the discharge space, 
and 

the dielectric layer has a thickness which is 
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smaller in the center of the discharge cell than 
toward the boundaries of the discharge cell. 

6. The gas discharge panel of Claim 2, wherein 

5 

each electrode pair is covered with a dielectric 
layer in an area toward the discharge space, 
and 

the dielectric layer is covered with a layer of 
10 magnesium oxide in an area toward the center 

of the discharge cell and excluding the bound- 
ary area. 

7. The gas discharge panel of any of Claims 1 through 
15 5, wherein 

the second substrate has a black matrix 
formed in areas corresponding to boundary areas. 

8. The gas discharge panel of any of Claims 1 through 
20 4, wherein 

the phosphor layers are thinner towards the : 
boundaries than in the center areas. 

9. The gas discharge panel of Claim 8, wherein 

25 

a dielectric layer is provided on the first sub- 
strate, 

the phosphor layers are provided on the dielec- 
tric layer, and 

30 the gap members are partially buried in the di- 

electric layer 

10. The gas discharge panel of Claim 8, wherein 

35 the electrode pairs comprise a plurality of linear 

electrodes, provided in a stripe pattern on the 
second substrate, and 

the phosphor layers are provided in a stripe pat- 
tern in a direction which intersects with the elec- 
40 trode pairs. 

11 . The gas discharge panel of Claim 1 , wherein 

a dielectric layer is provided on the second sub- 
45 strate, and 

the gap members are partially buried in the di- 
electric layer. 

12. The gas discharge panel of Claim 1 , wherein 

so a phosp hor element is applied to their surfac- 

es of the gap members. 

13. The gas discharge panel of Claim 1 , wherein 

the gap members have a spherical or rod-like 
55 shape. 

14. The gas discharge panel of Claim 1 , wherein 

the gap members are in contact with at least 
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one of the first substrate and second substrate. 

15. A gas discharge panel having a first substrate and 
a second substrate, facing each other across an in- 
terval the interval forming a discharge space and 
filled with discharge gas, pairs of electrodes for sus- 
taining discharge provided on at least one of the 
substrates, a plurality of discharge cells formed in 
a matrix pattern along the electrode pairs, a plurality 
of phosphor layers, formed by baking a phosphor 
film and corresponding to an illumination color of 
each discharge cell, provided on the first substrate 
facing the discharge cells, and which displays a 
color image by selectively illuminating the dis- 
charge cells, wherein 

the discharge gas is filled to a pressure of from 
80 percent to 120 percent, inclusive, of atmos- 
pheric pressure, 

the first substrate and second substrate contact 
each other around the outside of a image dis- 
play area, and 

the first substrate and second substrate do not 
contact each other across a plurality of dis- 
charge cells in two dimensions of the image d is- 
play area. 

16. The gas discharge panel of Claim 15, wherein 

the electrode pairs and their surrounding 
structures are provided such that, when a voltage 
is applied to the electrode pairs and sustaining dis- 
charge is caused, discharge primarily occurs in the 
center of the discharge cells, rather than near the 
boundaries. 

17. (cancelled) 

18. A gas discharge panel display device, which dis- 
plays an image by selectively illuminating the plu- 
rality of discharge cells, comprising: 

the gas discharge panel of Claim 1 or Claim 1 5, 
and 

a driving unit, which applies a voltage to the 
electrode pairs for sustaining discharge. 

19. A method for production of a gas discharge panel, 
the panel having discharge cells of each color ar- 
ranged in a matrix pattern formed between a first 
substrate and a second substrate, the production 
method comprising: 

a phosphor layer forming process, for providing 
a phosphor layer corresponding to an illumina- 
tion color of each discharge cell on the f irst sub- 
strate, 

a gap member distribution process, for dispos- 
ing gap members of a given shape at locations 
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on the first substrate and the second substrate 
corresponding to boundaries between dis- 
charge cells, and 

a stacking process, for joining the first substrate 
and the second substrate after gap members 
have been applied to one of the substrates. 

20. The gas discharge panel production method of 
Claim 19 : wherein 

the phosphor layer forming process is conduct- 
ed before the gap member distribution process, 
and 

the phosphor layers on the first substrate are 
formed so as to be thicker towards the center 
of the discharge cells than in areas correspond- 
ing to the boundaries. 

21. The gas discharge panel production method of 
Claim 20 : wherein 

an area where phosphor layers are not : 
formed in the phosphor layer forming process has 
a width of at least 50 percent and not more than 1 00 
percent of the interval between the substrates as 
determined by the gap members. 

22. The gas discharge panel production method of 
Claim 20, in which the gap members have a shape 
so as to fit into the boundary areas between the 
phosphor layers of adjacent discharge cells, where- 
in 

the gap member distribution process in- 
cludes: 

a distribution step, for spreading gap members 
over the first substrate, and 
a removal step, for removing the gap members 
distributed on the phosphor layers. 



40 23. The gas discharge panel production method of 
Claim 20 ; wherein 

the phosphor layer formation process in- 
cludes a phosphorfilm application step, for applying 
a film containing phosphor element of each color to 
locations corresponding to the discharge cells on 
the first substrate. 
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24. The gas discharge panel production method of 
Claim 23.. wherein 
so in the phosphor film application step, the 

phosphor element film including photosensitive ma- 
terial is applied to the first substrate and patterned 
by exposure to light. 

55 25. The gas discharge panel production method of 
Claim 23 : wherein 

in the phosphor layer formation process, the 
phosphor element film is applied to areas of the first 
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substrate excluding areas corresponding to bound- 
aries. 

26. The gas discharge panel production method of 
Claim 20, wherein 

a dielectric layer application process, for apply- 
ing a dielectric element paste to the surface of 
the first substrate, is provided before the phos- 
phor layer forming process, and 
the applied dielectric element paste is baked af- 
ter the gap member distribution process. 

27. The gas discharge panel production method of 
Claim 19, wherein 

the gap member distribution process in- 
cludes: 

an adhesive layer forming step, for providing an 
adhesive layer in areas of the first substrate or 
the second substrate corresponding to the 
boundaries, and 

a gap member distribution step, for spreading 
gap members over the adhesive layer. 

28. The gas discharge panel production method of 
Claim 27, wherein 

the gap member distribution process in- 
cludes, afterthe gap member distribution step, a re- 
moval step, for removing the gap members located 
in areas of the first substrate or the second sub- 
strate other than on the adhesive layer. 

29. The gas discharge panel production method of 
Claim 22 or Claim 27, wherein 

in the removal step, gap members are re- 
moved by blowing gas over or by agitating the sub- 
strate to which gap members were applied. 

30. The gas discharge panel production method of 
Claim 19, wherein 

the gap member distribution process in- 
cludes: 

a mask locating step, for applying a mask, 
which covers an area corresponding to the 
center of each discharge cell where gap mem- 
bers are to be distributed, and which has an 
opening at the boundaries, 
a spreading step, for spreading gap members 
over the mask, and 

a detaching step, for removing the mask from 
the substrate. 

31. The gas discharge panel production method of 
Claim 30, further comprising: 

an adhesive application process, before the 
gap member distribution process, for applying an 



adhesive material to surfaces of the gap members. 

32. A method for production of a gas discharge panel, 
comprising: 

5 

an electrode forming process, for forming elec- 
trodes on a first substrate, 
a dielectric element material application proc- 
ess, for applying a dielectric element material 

10 to cover the electrodes, 

a dielectric element baking process, for baking 
the applied dielectric element, and 
after the dielectric element material application 
process, a stacking process, for joining the first 

75 substrate to a second substrate. 

33. A method for production of a gas discharge panel, 
comprising: 

20 a phosphor element material application proc- 

ess, for applying a phosphor element material, 
which contains gap members, to a first sub- 
strate, 

a phosphor element baking process, for baking 
25 the applied phosphor element material to form 

a phosphor layer, and, 

after the phosphor element material application 
process, a stacking process, for joining the first 
substrate to a second substrate. 
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